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Background

Code V is apowerful optical design and analysis program from Opticat Research Associates, widely used

by optical engincers and designers. The Controlled Optics Modelling Package (COMP) optical analysis
progtam developed by D. Redding at JPL gener ates high resolution image sitnulations based on an cffective
software approach to ray-tiacing and diffraction analysis. COMP is also very flexible. Its subroutine form
allows direct integration with other code to model the optics portion of complex systems including
dynamic, thetmal and other effects. Together, (HiC, twop ovrams form an e {tective suite of optical design

and analysis software tools.

Intioduction

COMP uses an ".in file” 10 describe an optical system.  This file can be generated in COMP or
independently using a text editor. Code V stores the optical system description in a "len fil€” generated in
('ode V. When using both programs for a pa ticular app lication, | found it redundant to write both a ".Ien
file” for Code V and an “in file” for COMP since the information within the files are essentially the same -
it was primarily the format that ditfered. Moreover. 1 found that most subject optical systeins were either
dready in Code V, or 1 simply preferred generating optical systemns in Code V' rather than COMP,
Therefore, 1 wrote a Code V macro that automatically converts Code V- optical preseriptions to CO MP
format, This saved time. 1f 1 had the optical system in Code V it was casy 10 use the macro 1o generate a
starting point for COMP. If the optical prescription was not in Code V Istill found it faster to build the
opticatsystem in Code V. verify its performance and converthe design to COME” form using the macro.
Although stillunder development, the macro is quite useful for most optical systems.  The chief aim of this
memorandum IS to generate additional conversion macio exposure to increase Code V/COMP user
productively and facilitate continual refinement of the macio viadistribution and feedback.

Macro Description

The macro generates @ backbone COMP input file for basic reflective / refractive optical systems. The
conversion macro climinates the tedious task of wr iting out global vertex positions and inver se surface
noumal directions 10 10 significant figures for cach optical system surface.  (Sutface aperture definitions
are not currently converted, but since their locations are specified. the task is simplified. )

This macro iscwrrently ina “betatesting” stage. which means that it works for the cases tested so far. The
entire macro is included in this report in attachment 1, It currently works for basic reflective and refractive
optical systems. A Code V global coordinate surface-to- surface raytrace macro (attachment 2), and a
surface position / orientation macro (attachment 3) are also included in this report. These macros allow
direct compatison between Code V and COMP raytraces and prescriptions to verify that they agree.




Macro Usage
To use the macro:
D InCode V:

« Start Code V

« Restore or generate the subject optical system

« Type: "in comp_convert"

= Answer the macro prompts

« The backbone COMP .in file IS generated as "compfile.out.(version #)"

2) In COMP:
Refer to the "Controlled Optics Modelling Package User Manual™! for questions regarding COMP,
a) For gecometric analysis

+ Rename "compfile.out.(version #)” generated Dy the code V macro to the form "filename.in” used by
COMP. You can then usc a text editor to modify the .iu file as required.

« Correct Or remove any conflicting surfaces.?

« Acid any aperture definitions to the in file. 3 Set obs (0 | in COMP to see aperture/o bscuration effects.

+ For off-axis ficldangles you mustdo the  following:

i) Yoran aperture slop defined by a unique su face

« Change the Slop surface EltType to 1it"]"yik = 9 (obscu ing surface) and describe the slop as shown
inreference 3.

i1) For an aperture slop defined by an optical clew apertur e

. Add anew, separaic obscuring sutlace (ElCType = 9) infinitesimally ahcad of the limiting clear
aperture surface. with the same shape (i1t elilt, et¢.) as the optical element. Define the aperture of
the ncw surfaceas described in reference 3. Increment nkdt as required.

In both cases, increase the "Aperture” parametes iN the .in file to define an oversized grid of rays so that
thestop.notthe ray bundle, limits off-axis throughput.

1.0ad the .in file and run geometrical raytraces and spot diagrams to ver ify the model fidelity.
by For diffraction anal ysis

. Once the gecometric model is verified you can proceed 10 these steps.

. For diffraction analysis, you must add two (2) retw n surfaces before theimage plane, and increment nkilt
by two (2). 1n most cases. fitst return surface should coincide with the image plane, and the second
return surface should be near the exit pupil. Sce reference 4 for more details.

.Fix the exit pupil using the FEEX® and ORS commands.

.Run COMP and load the ncw .in file.

. Usc the "propagate” and "intensity” COMP functions to check diffraction modelling.




Notes

Alwayscheck the COMP in file to verify it correctl y models the optical system.

Usc the Code V raytrace macro to compare Code V chief and marginal raytraces with COMP
raytraces. Geometric spot diagrams arc alSO a quick way 10 compare results.

1.ook out fOr common COMP errors such as non-sequential surfaces.

Once the ncw .in file traces rays properly, the user may modify system parameters (such as number of
grid points. etc.) as required for the particular application.

The macro Will not convert certain surface types (for example, > 10th order aspheres, diffractive,
toroidal, non-sequential and scgmented aperture t ypc surfaces). An error message flags these surfaces.
The CONVErsion macro should incorporate these sut face t ypcsin future versions.

Read the macro cominents for more information.

Conclusion

The conversion macro was written to facilitate. COMP usage under several projects, Without dedicated
funding to writc the macro, it was written with a minitnalist @pproach - to accomplish the task at hand and
no mo1 €. Thus, there arc many features | would still like to add to the macro. Users arc encouraged to send
any useful modifications or additions to the macro to the author of this report. | can serve as a central point
of contact for information, suggestions and upgrades. Uscrs are welcome to contact me regarding the
macro (not COMP) at:

mail: Hiroshi Kadogawa
Jet Propulsion Laboratory
M S 306-38%
4800 Oak Grove Drive
Pasadena, CA 91109

c-mail: hiro@osasel v.jpl.nasa.gov
phone: (818) 354-70')3
fax: (818)393-9471
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Attachment 1

Code V to COMP Conversion Macro

comp_ convert.seq




ver, all no

IR R R R R R R R R R R R R R R R T e T S R R R R

[ comp_convert .seq - Code V macro (RETA TEST VERSIGH 0.1R)

* FUNCTION? Generates a preliminary COMP . in file.
* USAGE: lype "in conp. conver t * withi n Code V.

* PROMFTS FOR:; gl obal sur face nunber

» zoom pos i t i on
. field pos tion
* wavelength posit ion
-
* OUTPUT: compfile .out. (version ¥)
.
I* NOTES:
e
[ 1. The Code V macro will not overwrite an existing “comnpfile.out.(verzjon #)*
1 file. 1t increments the version # to aveid this.
P
[ 2. Change output filename fiom "compfile.out.{version #)* to "filename.in®
i for use in COMb.
| -
[ 3. KREVIEW AND MODIFY THE GENERATED .in FILE AS REQUIKED FOR ik
i SPECIFIC APPLICATION. Code V and COMP have many capabilities
I not incorporated in this macro. Tnis macro is intended to quickly
te gonoerate a hackbone COMP prescription of optical systonm compononts
T in globhal coordinates. This eliminates the uninspiring tesk of
[ entering vertex points and psiklt's for cach surface.
[
‘ 4. Please refer to the *Contrcelled Optics Modelling Package User
1 Manwal* (JPL D-9816) for the many considerations invelved In
1 goncrating a proper COMP Lin file.
'
1 5. DEFINE AN OBSCURING SURFACE AT THE STOF LOCATION 10 ACT AS A PHYSICAL ST0P.
P The conversion macro does not do this, and it is ifmportant for off-axis
I field angl There are twoe (2) approaches Lo this issue:
i
1 11 the stop de a unique surface, then shange the stop surfacs Elilype
[ to BltTypes 9@ (an obzcuring surfaco) and definge the stop diametor
1 as described in the COMP Usor Manuaal.
|
1> - If the stop is dofined by the clear aporture of an cptical €lement, thin it
1 1s generally casiest to model the stop by adding a now, sdcparate obscuring
v sur face (RFltType: 9), located infinitesinally ahead of the limiting clear
I aprture surface, with theoe sawe shape as tho opt 1 eloment. Define the
i aperture of thoe new surface in accordance with the limiting clear aperture.
1w
1 Then, in either case, increase the *Aporture® paramator in the COME . in
P file to define an overs 23 grid of rays so that the s Yoot the ray
te tundle, limits off-axis tLhroughput. S0t obs to 1 in COME Lo seo
[ aporture/ohscuration erfects,
'
[ 6.  MANUALLY ADD APERTURES AND ORSCURING SURFACES (AS DESCRIBLL FOK THE
I APEETURE STOR TN NOTE S .
P
i 7. FOR DIFFRACTION PROPAGATICH YOU MUz ADLD AND OPTIMIZE RETURN SURFACES
T AR DESCRIBED IN THE COMP USERS MANUAL UNDER THE FEX AND ORS COMMANDE.
i ALSC, MODIFY THE APERTURE SICE AND NSRIDPIS, AS DICTATED b FURIL AND
1" IMAGE SAMPLING REQUIREMENTS.
1.
£ 8. Thige prograw incorporates common dotfault paramdtors to romiuns
R . ropetitive vaer interactions.  CHECK THE FOLLOWING DERAULTS FOR
[ AGREEMENT WITH THE SUBJECT DPTICAL SYSTEM.
P
[ a) DEFAULTS UNDER ' DEFAULT COME CONSTANTSR ' :
|-
L - Source indew of refraction = 1.000.
v - extinction cocfficients = 0.
I - flu< = 1.000.
i - Gridlype = 1. (annular)
v - Obscuration = 0.
[ .- uGridpts = 21,
|+
1 b) OTHER DEFAULT COMP PARAMETERE:
e
1 STOp sut face definsd as glebal origin.
[ ChfRayDir taken @CadeV objost surface (1,m,nj.
[ For the purcoposes of this macro, finite conjugate is defined
[ defined as an object distance less than 1.0c+07 units.
1 For FINITE conjugate systdims:
[ ChfRayPos placed half the object distance BEFORE
[ the first surface (c¢ven for virtual objects).
[ For INFINITE conjugate systoms:
L ChfRayPos located @100 units ashead of surfacs 1.
I Aperture = Code V EPD.
[ xGrid = (1,0,0)
o varid = (0,1,0)
[

[ 9. COMP surfacoe tLypos converted:




[ - reflective flats

i - reflective surfaces including con ics

b - refr active csurfaces including <cr nes

[ - 3 efer en ce sur faces

iR + - focal plan o

[ - 10th order (o term) aspheric coefficients.

1 Arn error me ssage indics tes that higher order co efficients (if an vy
[ must be added.

I *

- Y-toxoid sur faces model led as an aspohe re.

!'* WRITTEN BY: Hirceshi Kadogawa
Jet Pro puls ion Laboratory

1 Pasaden a, CA

[ c-mail :  hiro@osaserv. jpl .nasa. gov

|-

!* REVISIONS:

I

I*  Dat« Ry Modification

1w - e = - e aeemacmm=—-=

' 8/2/93 HK Created.

1* 2718794 HK Added ChfRayPos for gencral object location.
1 475/94 HK Added 10th order aspheric reflector and refracton
| * AR R R R TR

I VA RI ARL I DE CL AR AT JORS
[

chk yes ! enforce explicit declearation
ICl str ~formatl “forwatla ~formwat2 “formatl  “formatd  “rformatt
lcl str “formaté  “forwmat7 “formaté “format9 “~forwatlo

I1C str “formatll ~“formatll2 “formatld “rormatld “formatls

%c] sty “formatlé “formatl? “formatlg& “formatld ~“format20

cl sty "“format 2l “forwmat2? ~format2la “format23 “formatZd4 “formatzt

lcl sty “format26 “formatl27 ~format28& “format?29 ~“format3o

] d nuw ~a_ flat_ surt “an. index match “a_vacuumn ! boolean variabl
1 clnum "zero “infinity

1cl mm "8 “global sur “zoom_pos “field_ pos “wave_pos

1cl num “z_source “n_source “ext_coef “wavelength “flux “gridtypc “aperture
l¢l num “obscuration “ngridpts “previous_n “curtrent rn “eonic, const

1 clnun *1_chief “mn_ chief ~n chiet “x_ chief “y_chief “z_chier

1 ¢l num “y.so tu_so tmosl Tyosl “oosl

1 nan “h_osur “c_sur ~d.sur

cl nuw “y.sur tz_sury Cl_osur

I nun "o sy

1
]
1
1cl num ~indtial x ~“final_x
1
1
1

“usar Cne sy

<

“leo_y
clnuw “initial y “final_y “mso_y
¢l nun “indtial oz “final_ o nec_y

cl num telt_typo fe wlt “f_clt Tprop. type “noecoord
{ CONSTANTS

1

23 et 0.000000000c+00
“infinity=- 2 .000000000¢+18

L DEFAULTY COMP CONSTANTS

I SOUrco: = 2.000000000c400
< cocfzs trero

fflux:s s 1.000000000e400

“gridtypo:: 2
“obsncuration:==  “nero
“nigridptss 31

N

‘propoty
S ©ecord: - -6

POOPTIONAL DEFAULTS (instcad of KEAD IN CODE V. PARAMETERS)

! Mzoon, pos == 1

! “field. pos b

! fwave_pos = 1

otglobal_sur == (sto 27zodh pOs)
!

! READ IN CODE V PARAMETEKS

ver all no

wrine

wri*tnter global surface number*

rea "global, sur

wNrite

writ*kntor zoom position®

rea Tzoomn pos

wrinm®

wri*knter field position®

rea ~field_pos

wrine

wri*bknter Code V wavelength position*
rea "wave pos

wrie

wri QeCode V dimension is 'c'* (dim)
wyiee

sut t compfile.out ! write output to screcn and dofault file conpfile.out




! chicetf ray direction @object surface

“1l.chief == (1 r1s¢ wwave. pos g global _sur f field_pos o7 2 con_ pos)
“mochief . . (mr 1l so w wave. pos g~gl obal sur f ~f ield. po s 2 z00m_pos)
“n_chief == (n r] so w'wave_pos g global _sur f"field. pos z zoom pos)

w

= (X 11 8} w'wave_pos g'global. sucf” field pos z7zoom pos)
(Y r1sl wiwave .o goglobal_sur f 7 field peszizoom poe)
(211921 W Wave P og 07910 hal_ sur ffield_pos z7 2000 1os)

i

-~
o

0

“x_sl
ry. sl
fzLoosl
! FOR ° IN FIN ITE' CONJUGATE (de fined as lob ject distar el »>: 1e7 units)

if (absf( (thi sO z"z00m_ poes)) >= (1.000e7) )

~z_source ==(thi so z"zoon_ pos)

“aperture == {epd)
)
! - Locate CKR 100 units before sl
~%x_chief == :$1-(100*~)1_chief})
~y_chieof == s1-(100**m_chief))
“z_chief =- 2. s1-(100*"n_chief!)
ols
! FOR 'FINITE' CONJUGATE (defined as lobject distancel < 1e8 units)
~aperture == absf(2*{(nao))
)l
X0 =2 (X Y] so wlwave_pos gtglobal_sur (7field pos rUrocm, pos)
At (y 1 so w'wav grglobal_sur f~field. pe SR )
AzT_os0 s={n T s0 wiwave pos grglobal_sur frfield pos ¢ zodm, pos)
]
? - ChfkaypPos halfway betwoen objoot and a1,
if (thi 2 zoow_pos) > 0 tORFAL QBJIECT
source == -{{(thi so zoQI_ poes) /2)
“x_chief == (( s1)/2)
“y_chief == {( =1)/2)
~z_chief {( “y_sl)/2)

1 VIRTURAL. OBJECT
2hzeom nos) /2)
s31)/2)
=1) /2)

a1y /2)
ele
wri*”
wri*Canmot have zero object distances. Inoremcnt thi o sot
writinfinitesinally as an approxinotion so that rayo trovel
Wil "zeguontially. "
wrine
end it
end 1f
“formatd == "ChfRayDir: '2¢.13e* 13¢ tlell3e0
“formatb =:"ChfRaybos= '2e.1Z¢" '2¢.13e¢' 'Zeo.12e'
wri Q~formatd "1 chief “m_chief “r_chief
wri Q formats “x_chief ty ahdef “o_chief
! WRITE QTHER INITIAL PARAMETERS
1
“wa veleng th == (wl w wave_ pos)
. convert CodeV wl in nm to systom dimensions
if (dimy = 1 ! inchos
) " rwavelength == “waveleongth/2.54%1.000000000¢- 07
z1s if (diw) = ‘'C° Uocentimetors
“wavelongth =+ “wavelongth*1.0000000002-07
sls P(DIMY='M*' only cther poosibilivy, wmillinereors
“wavelongth =0 “wavelongth*1.000000000e- 06
end if
“formatté =" oEourceo: ‘e,
“format? s=" Indref= '2e.
“formats == Extine= ‘2e.
“format9 == Wavelen= ‘Ze.
~formatl1Q ==* Flux= ‘'2e.
“formatll == Gridlypes 2

“formatl? =" Apertures ‘2¢.130'*
“formatl3 ==" Obscratns '22.13¢'"
“formatld == nGridptss

“formatls == XGrids '2e. »
“formatlé ==" yGrids '2e. .
“formatl? ==* nklt=  '34'*

wri Q*formaté “z_source
wii Q*format? “r_source
wri Q7 formaté “oxt_coef
wri QO format9 “wavelength
wri Q*formatl0 ~flux

wri Q@ forwatll “griduype
wri QO formatl?2 ~aporture




Wwri ¢ formatll “obscuration
wri D formatld “rigridpts

wri @~ format1s 1 0 0

wri @ formatle O1 0

wi i Qfo rmatl7(nums)

1

!“formatl | _wi3ge ‘2¢.13¢" 'Ze.l3e! ‘2o 13er '2€.13¢ 2 eldze ‘2el3et
“formarls ..” iFlt= 34"

~forwatl9 . . . EltNames surf. 'a‘:*

“format0 == El tType . ‘34t

~format2l ==* fElt= '2Ze.l3e'.

~for mat22 = =" eElt . ‘2 e3¢ .

~format22a == " AsphCocf= *2¢ .13e ' *2e. 13e¢' '2e.13e’ '2¢.130" *
~forwat psiRlt= ‘Ze.13e' '2e.130" '2e.13e"

“format24 == yprElte © € 13e’ ‘Ze.lder '2€.12 gr»
“format25 ==* Rpt Blts 'Ze.13e' "2€. 13e' ‘2¢.1%e"'"
~format2é =: * Indkef = *'Ze.13e"'"

~format2? == ExXtinc= '2e.13e'’
~formatl28 == " zhlt= 'Ze.l13e'"
~format 29 == * Proplype: ‘14

~format30 =" o kKloor d. 24

fol ~s 1 (hum s)

“a_ flat_surf == (absf((rdy s"s 7 zoom pos))>="infinity)
~current_n  o=: ({ind s%s ztzoom pos wiwave_ pos))

if (1n@d s™s 27 zcoru pos):, REFL, ! mirror
if (typ sur s°s)='Sry’
if (~a. flat_sum 1)

felt_type == 2 ! flat reflector
? els
~elt type == 01 I conic relector
end if

els if (typ sur s°s)='CON*

~elt_typoe == 3 ! conic relector
els if ((typ sur s”s)='ASP')or((typ sur s7s):='YTU'} | aspheric reflector o1
~elt_type == 12 ! y-torcid oot to aspherc

wri**
Wri*ASPHERIC CORFRICIFRIS FOR THE NEXT ZURFACH ARE ONLY [LISTED®
wri*T0O 10th ORDER 'D* T&RM.*

wri*®
if (xdy ou pos) >: 0
(a s 23]
(b = Zoon, Pos)
(c & tzoon_pos)
(d 73 z7zoom_pos)
ols
-{a s's zhzoon
-{b a"s 2 room,
-(C 878 ZTZOOM_
~(d s”s z27zoon :
ond if
end if
!
2ls iIf {(rmd s”s

oom_pos) = 'REFR! ! refractive surface
“previous . n o=z (ing -1 .
“an_indon match = (“previcus_ns “current n)

S OOM_ POS WiwaVe pos)

if (typ sur s”s)= 'SP’
If ("ss(nun s))and(ta, flat_surf)
felt typo == 2 ! focal plane (1f the inage plono is curved
- els if (“ar index_match) ! it will not be defined as a focal plano.)
~elt_typo == 4 L reforence suyface
ols
cfelt_typo == 8 ! conlc refractor
end if
els if (typ sur s”'s):'CON’
if ("an_indoy match)
“elt_type == 4 | referencoe surface
€ls
! ~elt_typer == 8 @ conic refractor
end if
els if ((typ sur s7s)='ASP')or((typ sur s%s)= 'Y10"') ! aspheric refractor or
“elt_ type =: 20 ly-toroid sot to asphere
wri®®

Wri*ASPHERIC COERFFICIENTS FOR THE NEXT SURFACE ARE ONLY [L137TD*

wri*T¢ 10th ORDER 'D* TERM.*

wrine

if (rdy s~s z"72
“a_sur == (a s Z7200m_pos)
“b_osur == (b s8%s z zoom pos)
“cosur == (¢ § 2.7 200m_Wos)
~“dosur == (d 8%s 27zoom_pos)

A

els
“a_sur ==
“b_sur ==
“coosur o=
~dlosur == - (d

Z " ZO0m_ POS)
272 o0m_pos)
2N zoon_pos)
z T room_pos)




ond if
ol i f
2]l
writ®
wri"This macro docs not incorporate this element typo.
wri®Surface data not included here.®
wri**
got labwl_100
end if
! : Calculate eccentricity and f
I
if (typ sur s~s) = 'SPH!
te_elt 0.000
“f_elt == absf((rdy s’s 27z oom_pos)

< )
if ({typ sur s~s)-'Agp’ Jor ({Ltyp sur s°s)='CON')or ( (Lyp sur s7s)='Y10')
~conic.const == (k s°s 2hzoom_pos)
1f “conic_cons 0 ! ohlate ellipsoid
te elts= sqrtf{tconic_const/(1.04 "2onic. const | )

“f_elt=s absf((rdy s"s 27200 pos) )} /{1.000+ e _alt)
wrjs*
wri"verify fElt, eElt for the following oblate ollipsoid surface. *
wri*®
ols
teleltsssqrif (- (Cconjae.
“foelt==absi((rdy s”s
end if

end if
If (typ sur s s):'yY10°
- wri*e
wri*Y-toroid has boon modeolled as an aspheric surfaceo.”
writVerify/correst Fltlype and other data for the following surface.
L4 writ*
end if

Xosur =: (xXseo o s%s grglobal_sur z )
Ty sur o=: (yec s*s giglebal_sur o )
tzoSur :: (zec §°s g global_sur v zoom pos)
“l.sur == (lse a7y g’global_ sur z zocm, pos)
“mosur == ( g glohal_ sur z )
“nosur o=s g gleobal_ sur 2 )

wri Q7 formatl8 “s
wri Q*formatil® :
wri O tormat2o clt_type
wri Q@ format2l ~f_elt
wri QT format2?
If ("elt type = 12)or(~elt. Lypoe = 20)

wri Q7 format?Za “a_sur *bhosur “c_sur “dsur

end if
Jf (rdy stz o2 TOoom, pos) sz 0
wrl Q7 format’3 ~1_sur “Iosur Cnl s
els
Wil Q formatl3 - (7“1 sur) -(n.sur) -¢°
TEvar

negat ive oloment
wrl Q% format>4
wri Q" format?2s
wri Q formatlé
wri Q format27
wri Q7 format
Wil O format?® “prop. typo
wri Q format3o "rn_ecocord

! wri @formatl s “x_sur Cy_sur o sur ~losur Cnesur Cnosuy Ttable
bl 1dbel_ 100

znid for

]

! CAl CUI aT: Tout

! This calculates Tout for COMP.  Tout defines the dmage plane coardinate syston
! and path length, in global coordinates. The path length, A, is wet to 1,
1
“nun sut o o=: o (hum s)
! ! need Lo use (num ) since
! . Po{typ dec s'i') doesn't work in conditioreal
if {typ dec s*num_sur)='DAR" ! THIS$ ELIMINATES ERROR MESSAGHS FOR NO DDA.
if ((ade si)<>0)or{(hae s1)<>0)or ((cde siY<>0)

ins si !add surface to perform image planc tilts

ade si-1 (ade si) ! new surface is now si-1
bde si-1 (bdo si) ! oput image plane tilts on this surface
cde si~1 (cde si) ! since s decenters preceed tilts

end if

end if

! Evaluate image plane x-vector

1

®de si 0 ! initialize decenters to zero

yd> si Q

vdr =1 0

“initial x =

i g~global sur z-zoo pos) ! determine origin
“indtial.y =« i z

g global sur z zoon pos)

~

if



Sinitial_o == (2zsc s) gtglobal_sur =7z

Dom_ pos)

#de si 1 | displace image plane to talc. x-d ix
“final_x (x¢c si g~global_ sur z7zoou. pos)
~final _y \yse si g-global. sur z7zoow_pos)
“final 2z (zsc 81 g~gl obal_ sur z7zoom. pos)

' Cal cul ate direst ion co sin es for image plane x-axis

“lsc. X =+ “final_x - *initial_x | global 1-di rcosine
‘msc X . . ~final_y - “initial_y I global m-dircosine
*nsc.x == “final. _2- ~initial _z I glchal n-dircesin €
xde si O I ve initialize x-decenter

! Fvaluate image plane y- vec tor
1

ydo si 1 I displace imaye pl ane to talc. y-dir

“final_x
“final_y
“final_z
1

i g~global_sur z"zoorn_pos)
si g~global_sur z"zoon_pos)
i

g~global_sur z zoon pos)

! Calculate direction cosines for image plane y-axis
1

“luc_y == “final_x - “initial_x global 1-dircosine

“msc.y ss “final_y - “initial_y ! global m-dircosine

“nsc_y == “final_ 2 - “initial_z ! global n-dircosine

i

! .

~format2a=: * nOutCord: 5.

~format?2 . Tout: *Ze.l13e*' 'Ze.l13¢' '2e.13e' '2e¢.13¢' 're.l3e' ‘ro.l3e' e
;fOImdt} = " '2e.13¢’ ’2e.13e’ '2e.13e' ‘'Ze.l3c¢* *2e.13e' 'le.ll3e’ e

wri Q7 formatZa
wri Q™ format2 “lsc x

“nsc_x

©TO “zero “zero “zeoro
z€ro “zer

.
wri Q% formatl SC_y “nec_y "zero er ero tzero
wri @ formatl ero “nero “lsc. K fwec_ ¥ ‘nec X Czero
wri Q" format3 YO TZero 10 “lsc_y “msc.y ‘nsc_y “zero
wrl Q7formatd “zero Trero tnero “zero Crero “zero 1
wypin

wrin»

wri®*

oaut ot ! close output file, output to sorecn only

ver all yes
res { restore original lens file

L13e0

d3er



verall no

i Idyt-zace.see] Code V macro

w

'* Writes glof :al coordinate ray trace
t* to 10 sign ifican t figures.

I
t* Usage : in raytrace

¥ Prompts for : Codc V ray num ber

[ gl obal surface numb e
[ zoom posi tier,

1 field position

re wavel ength posit ion
e

t* Hir oshi Kadogawa
t* Jet Propul sion lLahorator y
!*  Pasaden a, CA

1* e-mil: hiro@osaserv. jpl .nasa .gov

i+

1*7/29/93

AR R R A T R A L R I O e R

! VAKI ARLE DECL ARATIONS

chk yes I enforce explicit deel arat i on
lc) sty “exp “formatl
1 ¢lnum “ray num “glob al_ sur “zoom pos ~f ield. pos “wave_p os s
lel nun f index "% pos My _poos “u_pos Y1 val “moval An_val !
I MAI N PROGRAM
! read in 1 equit 24 data
wri®®
w1i *This program per fox-ins a glob al coodin ate systeom raytrac e*
wri*to 10 sign ifican t figur es.
wri®®
Wi i *Enter Code V ray number »
[ea “ray_num

»m
Wwri*kEnter glob al sur face nun b er .
rea “global _sur
wri®*
wr i *knter zoom posi tier,
rea -2000 [,.. pou
wr it
wiitknter field posi tion*
rea ~field_ pos
write
w1 i1 *FEn ter Code V wavelengthposition”
res “wWave pos
wrise

show user other data
if (dim)='C"
wri Q*Code V dimension is CENTIMRTHRS.®
els if (Aim)=*M*
wri Q"Code V dimension is MILLIMETERS.®

als
wii Q" Code V dimen sion i ¢ INCHES *
andi f
wriv®
wri Q° Lens title: "40c' ™ (tit)
write
wri Qe i1i1e '8 o't (dat) (tim )
wp 170
! as sign outp ut values

f ormatoutput
w11 Q"sur face*

w1 G enumbe: X Y 1 L m
writ
“formatrl = *'34° ‘e L 13e *2e.13¢! t2e.13e" "2 ©.13e '2¢.13e" ‘ze. 130"

fcr s 0 (rum s)

“index == (ind 87s zhzoon. pos whwave pos)
(3 rrray_num s”s gtglobal_sur z zoon_pos f7field pos wiwave pos)
(y r ray_num s”s g global_sur z coom pos [ field pos wiwave pos)
= (2 riray.rmuam s”s grgiobal_sur z zoom pos {7field pos w )
_ = {1 riray. nam sts ghglebal_sur zhzoom pos frfield pos wiwave_pos)/absf (“index)
“m_val (o rray_num s”s gtglobal_sur z2"zoom pos ("field pos wiwave pos)/abs
“ni.val == (noy"ray_num s s ghglobal_sur z zoon_pos frfield pos wiwave pos)/
wri Q7formatl "s “x_pos “y_pos “z_pos 1. val “m_val "n_val

end for
1

ver all yes

Attachment 2
Code V Global Coordinate System Raytrace Macro




ver +all no
REYTTTI

!*global_surf. seq - code v mac: 0
(R

1* Wy ites global surface coordinates with higher precision

leth an th € .gsc commar 1d.
1+
1+ Usage: in g] obal. surf

zoom posi tion
“ Hi roshi Kadogawa
Jet propul si or, Laboratory
. Pasadena, CA

!
I w
e
1
1
!

* Prompts for : gl obal sur face rwnber

e-mail: hiroResaserv. jpl .n asa. gov

.
1
e 7/29793
.

I R R R R R R R R R L R R L O

! VARIABI E DECI, P. RA?1ONS

chk yes I en force explicit declaration,

lcl str “exp “formatl
1 ¢lnum s ~glohal_ sur “zooml_ pos

A

lel num “X_ sur ‘y. sur “z_sur *l1_ sur 7w sur “no. osur
1

! MAIN PROGKAM

writ”

wri*Thisprogram provides global sur f.ace, coordinate system®

Wi "POsilijons an ddirect ion cosin es®
wri®to 10 sign ificant figures .

wratt

w1i *Enter global sur face nunber *

1 ea “gl obal_ sur

wrie®

«2i*kEnter zoom position®

rea "Toom_ pos

wri**

wri Q*Code V dimension is ‘'c¢'* (dim)

writ*

wri Q*surface*

wri QT "numbel xsc ysc

wris*

~formatl 13e* ‘le.l3e!

for "s 1
~ s™s g-global_sur
Y% s*s g~glebal_ sur
~a s”s g~glohal_sur
~1. s™s g~globhal_sur

"

>

>

. sur ::
wri @ formatl

end for

ver all yos

El

*

&
v

X, sur “y_sur

g~global_sur
g~global_sur

28C lsc msc
‘2e¢.13e' '2e.13¢! ‘2e.12c ‘e 13er

z " Zo0om_pos)
2N ZOOM_P0s)
2 zoom_pos)
27 Zoom_pos)
Z " Z.00N_ pos)
zzoom_pos)
~z_asur ~l_sur i, sur Tno sur

Attachment 3
Code V Global Surface Coordinate Macro




